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Abstract
The set of maximal non-integrable structures (SU(2)×SU(2), B, I),
where B is Killing-Cartan metric is described as subset of CP3. The
visualization of complex projective space CP3 as tetrahedron which
edges and faces are CP1 and CP2 is used.
1. Preliminaries.
Definition 1. An almost complex structure J on a smooth manifold M
is an endomorphism
J : TM −→ TM
of the tangent bundle such that J2 = −Id.
The almost complex manifold necessarily has even dimension. It is known
[4], that every almost complex structure defines the orientation on M . It
follows from the fact that for all Jx-independent vectors X1, . . . , Xn ∈ TxM
the vectors X1, . . . , Xn, JxX1, . . . , JxXn ∈ TxM are linear independent and
give the same orientation of TxM .
Definition 2. Manifold (M2n, g, J0) with almost complex structure J0
and Riemannian metric g is called almost Hermitian, if J0 is orthogonal with
respect to metric g, i.e.
g(J0X, J0Y ) = g(X, Y ),
for all vector fields X and Y on M .
1
Let M is 6-dimensional group Lie G. In this article we take interest
in the left-invariant orthogonal almost complex structures, giving the same
orientation on the group G = SU(2)× SU(2). This reduces study of almost
complex structure to reseach its restriction on the Lie algebra g = TeG of G.
Study of the space of left-invariant orthogonal almost complex structures on
G reduces to reseach the set Z of all endomorphisms I : g −→ g, preserving
orientation, such that I2 = −1, and ge(IX, IY ) = ge(X, Y ), for all X, Y ∈ g.
Group SO(6) acts transitively on the set Z, with isotropy U(3), so Z is
homogeneous space SO(6)/U(3) = CP3.
There is isomorphism between space Z and CP3 [1]. Let e1, . . . , e6 is dual
basis of g∗, orthonormal with respect to metric on g∗. V = C4 denote the
standard representation of SU(4) and let (v0, v1, v2, v3) be a unitary basis of
V . Then Λ2V is the complexification of a real vector space which we identify
with g∗. This identification can be chosen in such a way that:
2v0 ∧ v1 = e1 + ie2 2v2 ∧ v3 = e1 − ie2
2v0 ∧ v2 = e3 + ie4 2v3 ∧ v1 = e3 − ie4
2v0 ∧ v3 = e5 + ie6 2v1 ∧ v2 = e5 − ie6
A point I ∈ Z corresponds to a totally isotropic subspace of the com-
plexification of g∗. Namely to the i-eigenspace of I, which consists of vectors
v − iJv. Any such subspace equals [1]:
Vu = {u ∧ v : v ∈ V } ⊂ Λ2V,
which depends on [u] ∈ P (V ) = CP3.
J −→ (g∗)1,0 −→ Vu −→ [u] ∈ CP3
For example, if Ie1 = −e2, Ie3 = −e4, Ie5 = −e6, then i-eigenspace of I
consists of linear combination of vectors
2v0 ∧ v1 = e1 + ie2, 2v0 ∧ v2 = e3 + ie4, 2v0 ∧ v3 = e5 + ie6
In [1] was offered to visualize CP3 as a tetrahedron, in which the edges
end faces represent projective subspaces CP1 and CP2. The almost complex
structures I0, I1, I2, I3:
I0e
1 = −e2, I0e3 = −e4, I0e5 = −e6;
I1e
1 = −e2, I1e3 = e4, I1e5 = e6;
I2e
1 = e2, I2e
3 = −e4, I2e5 = e6;
I3e
1 = e2, I3e
3 = e4, I3e
5 = −e6;
2
are points [1, 0, 0, 0], [0, 1, 0, 0], [0, 0, 1, 0], [0, 0, 0, 1] ∈ CP3. Each of these
structures associated with the fundamental 2-forms, by formula:
ω(X, Y ) = g(IX, Y )
ω0 = e
1 ∧ e2 + e3 ∧ e4 + e5 ∧ e6;
ω1 = e
1 ∧ e2 − e3 ∧ e4 − e5 ∧ e6;
ω2 = −e1 ∧ e2 + e3 ∧ e4 − e5 ∧ e6;
ω3 = −e1 ∧ e2 − e3 ∧ e4 + e5 ∧ e6.
Since the metric g is fixed, one may equally well label points of Z by
their corresponding fundamental forms. Coordinates [v0, v1, v2, v3] on CP3
are helpful to visualize Z as solid tetrahedron with vertices ω0, ω1, ω2, ω3.
Let z = [z0, z1, z2, z3] and u = [u0, u1, u2, u3] are arbitrary points in CP3.
Any point of the ”edge” Ezu, containing z and u in CP
3 is linear combination
αz+βu, where α, β ∈ C, |α|+ |β| 6= 0. But αz+βu and c(αz+βu) define
the same point in CP3, for any c ∈ C∗. So ”edge”, Ezu = {[α, β] : α, β ∈
C, |α|+ |β| 6= 0} = CP1 = S2. The equatorial circle in the ”edge” Ezu we
denote as Czu.
Lemma 1. The fundamental 2-form ω of ”edge” E01, containing vertices
ω0 and ω1 has the form:
ω = e1 ∧ e2 + r(e3 ∧ e4 + e5 ∧ e6) + u(e3 ∧ e5 + e6 ∧ e4) + x(e3 ∧ e6 + e4 ∧ e5)
where r2 + u2 + x2 = 1
Proof: For any ω ∈ E01 there exist numbers s, c1, c2 ∈ R, s2+ c21+ c22 = 1
such as corresponding almost complex structure I = sI0 + (c1 + ic2)I1.
s[1, 0, 0, 0] + (c1 + ic2)[0, 1, 0, 0] = [s, c1 + ic2, 0, 0]
Space V[s,c1+ic2,0,0] = {sv0 + (c1 + ic2)v1 ∧ u, u ∈ V }.
(sv0 + (c1 + ic2)v
1) ∧ v0 = (c1 + ic2)v1 ∧ v0 = −1
2
(c1 + ic2)(e
1 + ie2) =
=
1
2
(−c1e1 + c2e2 + i(−c2e1 − c1e2))
i.e.:
I(−c1e1 + c2e2) = c2e1 + c1e2
(sv0 + (c1 + ic2)v
1) ∧ v1 = sv0 ∧ v1 = 1
2
s(e1 + ie2) =
1
2
(se1 + ise2)
I(se1) = −se2
(sv0+(c1+ic2)v
1)∧v2 = sv0∧v2+(c1+ic2)v1∧v2 = 1
2
(s(e3+ie4)+(c1+ic2)(e
5−ie6)) =
3
12
(se3 + c1e
5 + c2e
6 + i(se4 + c2e
5 − c1e6))
I(se3 + c1e
5 + c2e
6) = −(se4 + c2e5 − c1e6)
(sv0+(c1+ic2)v
1)∧v3 = sv0∧v3+(c1+ic2)v1∧v3 = 1
2
(s(e5+ie6)+(c1+ic2)(−e3+ie4)) =
1
2
(se5 − c1e3 − c2e4 + i(se6 − c2e3 + c1e4))
I(se5 − c1e3 − c2e4) = −(se6 − c2e3 + c1e4)
Then ω ∈ E01, corresponding to I has the form:
ω = (−c1e1+c2e2)∧(−c2e1−c1e2)+se1∧se2+(se3+c1e5+c2e6)∧(se4+c2e5−c1e6)+
+(se5−c1e3−c2e4)∧(se6−c2e3+c1e4) = e1∧e2+(s2−c21−c22)e3∧e4+2sc2e3∧e5−
−2sc1e3 ∧ e6 − 2sc1e4 ∧ e5 − 2sc2e4 ∧ e6 + (s2 − c21 − c22)e5 ∧ e6
Let r = s2 − c21 − c22 = 2s2 − 1, u = 2sc2, x = −2sc1, then r2 + x2 + u2 = 1,
and
ω =


0 1 0 0 0 0
−1 0 0 0 0 0
0 0 0 t u −x
0 0 −t 0 −x −u
0 0 −u x 0 t
0 0 x u −t 0



The following notions was defined in the [1].
Definition 3. Let σ = e∧ f - decomposable unit 2-form, the generalized
edge ⌈σ⌋ is the set
⌈σ⌋ = {σ + τ ∈ Z : τ ∈ Λ2〈e, f〉⊥}.
Definition 4. The polar set of an arbitrary non-zero 2-form σ is
〈σ〉⊥Z = {ω ∈ Z : g(ω, σ) = 0}
2. Group SU(2)× SU(2). As Lie group G we will take group SU(2)×
SU(2). Lie algebra
su(2) = {
(
ix1 x2 + ix3
x2 − ix3 −ix1
)
: (x1, x2, x3) ∈ R3} = R3,
4
so g = su(2)×su(2) = R31×R32. If e1, e2, e3 - standard basis R31 and e4, e5, e6 -
standard basis R32, then [e1, e2] = e3, [e1, e3] = −e2, [e2, e3] = e1, [e4, e5] = e6,
[e4, e6] = −e5, [e5, e6] = e4, [ei, ej] = 0 for i = 1, 2, 3; j = 4, 5, 6.
Killing-Cartan form B(X, Y ) = tr(adX ◦ adY ) gives metric B(X, Y ) =
2(X1, Y1) + 2(X2, Y2), where ( , ) - standard metric R
3, X = (X1, Y1), Y =
(X2, Y2) ∈ R31 × R32 on SU(2)× SU(2).
The construction of Hopf bundle pi : S3
S1−→ CP1 may be used for S3 =
SU(2). Therefore, one has for SU(2)× SU(2):
pi : SU(2)× SU(2) SU(1)×SU(1)−→ SU(2)/SU(1)× SU(2)/SU(1)
One can assume that e1 and e4 are tangent at the identity to the first and
second factors of fiber SU(1) × SU(1), and pi∗(e2), pi∗(e3), (pi∗(e5), pi∗(e6))
are tangent to first (second) factor of the base. Construction of the Hopf
bundle allows define the canonical 2-form ω = e1 ∧ e4 + e2 ∧ e3 + e5 ∧ e6 on
SU(2)×SU(2). It is known [4], that for almost complex structure I0, such as
I0e1 = e4, I0e2 = e3, I0e5 = e6, structure (B, I0, ω) is Hermitian, i.e. almost
complex structure I0 is integrable.
Statement 1.[2]Orthogonal left-invariant almost complex structure I is
integrable, i.e. (SU(2)×SU(2), B, I) is Hermitian, if and only if correspond-
ing endomorphism is following:
I =
(
O1 0
0 O2
)
I0
(
OT1 0
0 OT2
)
,
where O1, O2 ∈ SO(3)
Vanishing of Nijenhuis’s tensor is criterion of integrability of almost com-
plex structure. In case of homogeneous space, in particularly Lie group
SU(2) × SU(2) one can take only restriction of this tensor on the Lie al-
gebra.
N(X, Y ) = [IX, IY ]− [X, Y ]− I[X, IY ]− I[IX, Y ],
X, Y ∈ su(2)× su(2). So the set of complex structures is reperesented as set
on which functional of tensor Nijenhuis norm
‖N‖2 =
6∑
i,j,k=1
(Nkij)
2 : I 7→ ‖NI‖2
is minimal (namely, is equal to zero). What kind of set, given maximum of
this functional?
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Statement 2. Functional on Z of tensor Nijenhuis norm on (SU(2) ×
SU(2), B, I), takes maximal values on the following almost complex struc-
tures:
I < e1, e2, e3 >⊂< e4, e5, e6 >; I < e4, e5, e6 >⊂< e1, e2, e3 >
Proof: Let I ∈ Z is invariant almost complex structure. I =
(
A B
−BT C
)
,
−AT = A =

 0 a1 a2−a1 0 a3
−a2 −a3 0

, −CT = C =

 0 c1 c2−c1 0 c3
−c2 −c3 0

, B =

 b1 b2 b3b4 b5 b6
b7 b8 b9

.
Tensor Nijenhuis norm is
1
24
‖N‖2 = (b7c1 − c3b9 + b6b1 − b3b4)2 + (b5b9 − b6b8 − b4a1 − a2b7)2+
+(−b4b2 + b1b5 + b3a2 + b6a3)2 + (−a2b8 − b4b9 + b6b7 − b5a1)2+
+(b2b9−b8b3−b1a1+a3b7)2+(−a23−a22−a21+1)2+(−a2b9−b5b7+b4b8−b6a1)2+
+(b8c3 + c2b7 − b1b5 + b4b2)2 + (a3b9 − b7b2 + b1b8 − b3a1)2+
+(a3b8 − b9b1 + b3b7 − b2a1)2 + (−c2b4 − b5c3 + b7b2 − b1b8)2+
+(−b1a2 − b2b6 + b5b3 − b4a3)2 + (−c2b1 − b2c3 + b4b8 − b5b7)2+
+(−c3b6 − b9b1 + b3b7 + b4c1)2 + (c2b9 + b2b6 − b5b3 + c1b8)2+
+(b1c1 − c3b3 − b6b7 + b4b9)2 + (c2b6 − b2b9 + b8b3 + c1b5)2+
+(−b2a2−b3b4+b6b1−b5a3)2+(−c23−c22−c21+1)2+(c1b2+c2b3−b6b8+b5b9)2
Some necessary conditions for I2 = −1 are:
a1b4 + a2b7 − c1b2 − c2b3 = 0,
a21 + a
2
2 + b
2
1 + b
2
2 + b
2
3 = 1, a1b5 + a2b8 + b1c1 − b3c3 = 0,
a21 + a
2
3 + b
2
4 + b
2
5 + b
2
6 = 1, a1b6 + a2b9 + b1c2 + b2c3 = 0,
a22 + a
2
3 + b
2
7 + b
2
8 + b
2
9 = 1, −a1b1 + a3b7 − c1b5 − c2b6 = 0,
c21 + c
2
2 + b
2
1 + b
2
2 + b
2
3 = 1, −a1b3 + a3b9 + b4c2 + b5c3 = 0,
c21 + c
2
3 + b
2
4 + b
2
5 + b
2
6 = 1, −a2b1 − a3b4 − b8c1 − b9c2 = 0,
c22 + c
2
3 + b
2
7 + b
2
8 + b
2
9 = 1, −a2b2 − a3b5 + b7c1 − b9c3 = 0,
−a2b3 − a3b6 + b7c2 + b8c3 = 0
−a1b2 + a3b8 + b4c1 − b6c3 = 0.
6
The equation
a21 + a
2
2 + a
2
3 = c
2
1 + c
2
2 + c
2
3
follows from the above left six conditions. Let transform 1
24
‖N‖2 taking into
consideration above conditions:
1
24
‖N‖2 = (b7c1 − c3b9)2 + 2(b7c1 − c3b9)(b6b1 − b3b4) + (b6b1 − b3b4)2+
+(b4a1 + a2b7)
2 − 2(b4a1 + a2b7)(b5b9 − b6b8) + (b5b9 − b6b8)2+
+(b3a2 + b6a3)
2 − 2(b3a2 + b6a3)(b4b2 − b1b5) + (b4b2 − b1b5)2+
+(b5a1 + b8a2)
2 + 2(b5a1 + b8a2)(b4b9 − b6b7) + (b4b9 − b6b7)2+
+(b7a3 − b1a1)2 − 2(b7a3 − b1a1)(b8b3 − b2b9) + (b8b3 − b2b9)2+
2(1−c21−c22−c23)2+(b9a2+b6a1)2−2(b9a2+b6a1)(b8b4−b5b7)+(b8b4−b5b7)2+
+(b8c3 + b7c2)
2 + 2(b8c3 + b7c2)(b4b2 − b1b5) + (b4b2 − b1b5)2+
+(b9a3 − b3a1)2 − 2(b9a3 − b3a1)(b7b2 − b1b8) + (b7b2 − b1b8)2+
+(b8a3 − b2a1)2 + 2(b8a3 − b2a1)(b7b3 − b1b9) + (b7b3 − b1b9)2+
+(b4c2 + b5c3)
2 − 2(b4c2 + b5c3)(b7b2 − b1b8) + (b7b2 − b1b8)2+
+(b1a2 + b4a3)
2 + 2(b1a2 + b4a3)(b6b2 − b3b5) + (b6b2 − b3b5)2+
+(b1c2 + b2c3)
2 − 2(b1c2 + b2c3)(b8b4 − b5b7) + (b8b4 − b5b7)2+
+(b4c1 − b6c3)2 + 2(b4c1 − b6c3)(b7b3 − b1b9) + (b7b3 − b1b9)2+
+(b9c2 + b8c1)
2 + 2(b9c2 + b8c1)(b6b2 − b3b5) + (b6b2 − b3b5)2+
+(b1c1 − b3c3)2 + 2(b1c1 − b3c3)(b4b9 − b6b7) + (b4b9 − b6b7)2+
+(b6c2 + b5c1)
2 + 2(b6c2 + b5c1)(b8b3 − b2b9) + (b8b3 − b2b9)2+
+(b2a2 + a3b5)
2 − 2(b2a2 + a3b5)(b6b1 − b3b4) + (b6b1 − b3b4)2+
+(b2c1 + c2b3)
2 + 2(b2c1 + c2b3)(b5b9 − b6b8) + (b5b9 − b6b8)2 =
 b2a2 + a3b5 = b7c1 − b9c3; b4a1 + a2b7 = b2c1 + c2b3; b3a2 + a3b6 = b7c2 + b8c3;b5a1 + b8a2 = −b1c1 + b3c3; b7a3 − b1a1 = b6c2 + b5c1; b9a2 + b6a1 = −b1c2 − b2c3;
b9a3 − b3a1 = −b4c2 − b5c3; b8a3 − b2a1 = −b4c1 + b6c3; b1a2 + b4a3 = −b9c2 − b8c1.


= 2((b6b1 − b3b4)2 + (b5b9 − b6b8)2 + (b1b5 − b4b2)2 + (b6b7 − b4b9)2+
+(b2b9−b3b8)2+(b1b8−b2b7)2+(b4b8−b5b7)2+(b3b7−b1b9)2+(b2b6−b3b5)2+
+(b7c1−c3b9)2+(c1b2+c2b3)2+(c2b7+c3b8)2+(c1b1−b3c3)2+(c1b5+c2b6)2+
+(c2b4+c3b5)
2+(c2b1+c3b2)
2+(c1b4−c3b6)2+(c2b9+c1b8)2+(1−c21−c22−c23)2).
7
The sum of first nine summands is norm of matrix Ba, where Ba is matrix
of algebraical complements to B. Assume that detB = 0, from the proof
of Statement 1 [2] one can see that it is sufficient condition for integrability,
so corresponding almost complex structure gives N = 0. We interest in
maximal values of ‖N‖2, thus detB 6= 0. We obtain:
‖Ba‖2 = tr(BaTBa) = tr(detB · B−1 · detB · (BT )−1) = (detB)2tr(BTB)−1
Condition I2 = −1 gives BTB = 1 + C2, so:
‖Ba‖2 = (detB)2 · tr(1 + C2)−1 = det(1 + C2) · tr(1 + C2)−1
where λ1, λ2, λ3 are proper values of matrix 1 + C
2:
‖Ba‖2 = λ1λ2λ3(λ−11 + λ−12 + λ−13 ) = λ1λ2 + λ2λ3 + λ1λ3
Sum λ1λ2+λ2λ3+λ1λ3 is equal to coefficient multiplying λ in det(1+C
2−λ):
‖Ba‖2 = c41 + c42 + c43 − 4(c21 + c22 + c23) + 3 + 2c21c22 + 2c21c23 + 2c22c23
Sum of last ten summands 1
48
‖N‖2 is equal to:
1− c41 − c42 − c43 − 2c21c23 − 2c21c22 − 2c22c23
Thus:
1
48
‖N‖2 = 4(1− c21 − c22 − c23),
‖N‖ = 8
√
3
√
1− c21 − c22 − c23
Then maxJ∈Z(‖N‖) = 8
√
3, this value is reached on almost complex struc-
tures J , with C = A = 0.

Definition 5.[3]The structure (M,g,J) is called nearly Ka¨hler if ∇X(ω)(X, Y ) =
0, for all vector fields X,Y on M. The set of all nearly Ka¨hler structures (g, J)
is denoted NK.
Almost complex structures from the statement 2 satisfy to condition
∇ei(ω)(ei, ej) = 0, ∀i = 1, . . . , 6,
but for some vectors X = u+ v, where u is in first summand su(2) and v is
in second summand one can find vector Y :
∇X(ω)(X, Y ) 6= 0,
8
for example
∇e2+e4(ω)(e2 + e4, e1) = −1
So, the maximal non-integrable structures (B, I) from Statement 2 we
will call the almost nearly Ka¨hler (ANK).
Let realize integrable almost complex structure I0 and ANK structure
IN =
(
0 −E
E 0
)
on SU(2)× SU(2) as points in CP3.
Lemma 2. I0 = [1, 0, 0,−1] ∈ CP3, IN = [1, 1,−1, 1] ∈ CP3.
Proof: Find eigenspace, corresponding to I0 in Λ
2V .
I0(e
1 + ie4) = i(e1 + ie4);
e1 + ie4 = v0 ∧ v1 + v2 ∧ v3 + v0 ∧ v2 − v3 ∧ v1 = (v0 − v3) ∧ (v1 + v2);
I0(e
2 + ie3) = i(e2 + ie3);
e2 + ie3 = −iv0 ∧ v1 + iv2 ∧ v3 + iv0 ∧ v2 + iv3 ∧ v1 = (v0 − v3) ∧ (−iv1 + iv2);
I0(e
5 + ie6) = i(e5 + ie6);
e5 + ie6 = 2v0 ∧ v3 = (v0 − v3) ∧ 2v3.
Therefore I0 corresponds to Vv0−v3 and I0 = [1, 0, 0,−1].
Similarly for IN .
IN(e
1 − ie4) = e4 + ie1 = i(e1 − ie4);
e1 − ie4 = v0 ∧ v1 + v2 ∧ v3 − v0 ∧ v2 + v3 ∧ v1 = (v0 + v3) ∧ (v1 − v2);
IN(e
2 − ie5) = e5 + ie2 = i(e2 − ie5);
e2 − ie5 = −iv0 ∧ v1 + iv2 ∧ v3 − iv0 ∧ v3 − iv1 ∧ v2 = (−v0 + v2) ∧ (iv1 + iv3);
IN(e
3 − ie6) = e6 + ie3 = i(e3 − ie6);
e3 − ie6 = v0 ∧ v2 + v3 ∧ v1 + v1 ∧ v2 − v0 ∧ v3 = (v0 + v1) ∧ (v2 − v3).
Therefore IN corresponds to Vv0+v3−v2+v1 , IN = [1, 1,−1, 1].

Find the subset in tetrahedron, corresponding to ANK.
Under the statement 2, the 2-form corresponding to I ∈ ANK is follow-
ing:
ω = e4 ∧ f 1 + e5 ∧ f 2 + e6 ∧ f 3,
where f i = Aei, i = 1, 2, 3. As Ie6 ⊂ 〈e1, e2, e3〉, then 2-form e5∧e6 has the
zero coefficient, i.e. ANK ⊂ 〈e5 ∧ e6〉⊥Z . Elements of 〈e5 ∧ e6〉⊥Z are described
in [1]: take an arbitrary point p+ on edge E03 = ⌈e5 ∧ e6⌋ and arbitrary
point p− ∈ E12 = ⌈−e5∧e6⌋. Connect these points by edge (build the sphere
with poles p+ and p−). Then union of all equatorial circles of edges Ep+p−,
9
p+ ∈ E03, p− ∈ E12 is 〈e5 ∧ e6〉⊥Z , so
ANK ⊂
⋃
p+ ∈ E03
p− ∈ E12
Cp+p−.
Let define the general view of form ω ∈ Cp+p−.
Lemma 3.Form ω ∈ Cp+p− is:
2ω = (r++r−)e
1∧e2+(r+−r−)e3∧e4+(x++x−)e1∧e3+(x+−x−)e4∧e2+
(u+ + u−)e
1 ∧ e4 + (u+ − u−)e2 ∧ e3+
+
(x+t1 − u+t2)(r− + 1) + (u−t2 − x−t1)(r+ + 1)√
(r− + 1)(r+ + 1)
e1 ∧ e5+
+
−(x+t2 + u+t1)(r− + 1) + (u−t1 + x−t2)(r+ + 1)√
(r− + 1)(r+ + 1)
e1 ∧ e6+
+
(x+t2 + u+t1)(r− + 1) + (u−t1 + x−t2)(r+ + 1)√
(r− + 1)(r+ + 1)
e2 ∧ e5+
+
(x+t1 − u+t2)(r− + 1)− (u−t2 − x−t1)(r+ + 1)√
(r− + 1)(r+ + 1)
e2 ∧ e6+
+
−t2(r+ + 1)(r− + 1) + u−(x+t1 − u+t2) + x−(u+t1 + x+t2)√
(r− + 1)(r+ + 1)
e3 ∧ e5+
+
−t1(r+ + 1)(r− + 1)− u−(x+t2 + u+t1) + x−(x+t1 − u+t2)√
(r− + 1)(r+ + 1)
e3 ∧ e6+
+
−t1(r+ + 1)(r− + 1) + u−(x+t2 + u+t1)− x−(x+t1 − u+t2)√
(r− + 1)(r+ + 1)
e4 ∧ e5+
+
t2(r+ + 1)(r− + 1) + u−(x+t1 − u+t2) + x−(u+t1 + x+t2)√
(r− + 1)(r+ + 1)
e4 ∧ e6
for r± 6= −1;
2ω = −e1 ∧ e2 + t2(e3 ∧ e5 + e4 ∧ e6) + t1(e3 ∧ e6 − e4 ∧ e5), for r± = −1;
2ω = r−1
2
e1 ∧ e2 + t1
√
r+1
2
(e1 ∧ e6 + e2 ∧ e5) + u
2
(e1 ∧ e4 + e2 ∧ e3) + x
2
(e1 ∧
e3 − e2 ∧ e4)− t2
√
r+1
2
(e1 ∧ e5 − e2 ∧ e6) + r+1
2
e3 ∧ e4 + xt1−ut2√
2(r+1)
(e4 ∧ e6 + e3 ∧
e5) + ut1+xt2√
2(r+1)
(e4 ∧ e5 − e3 ∧ e6), for r = r+ 6= −1, r− = −1.
2ω = r−1
2
e1∧ e2+ u
2
(e1∧ e4− e2∧ e3)+ x
2
(e1∧ e3+ e2∧ e4)+ t1
√
r+1
2
(e1∧ e6−
e2 ∧ e5) + t2
√
r+1
2
(e1 ∧ e5+ e2 ∧ e6) + ut1+xt2√
2(r+1)
(e3 ∧ e6− e4 ∧ e5) + ut2−xt1√
2(r+1)
(e3 ∧
e5 + e4 ∧ e6)− 1+r
2
e3 ∧ e4, for r = r− 6= −1, r+ = −1.
Proof: Similarly lemma 2 one can show, that p+ ∈ E03 and p− ∈ E12 are
of view:
p+ = e
5∧e6+r+(e1∧e2+e3∧e4)+x+(e1∧e4+e2∧e3)+u+(e1∧e4+e2∧e3),
p− = −e5∧e6+r−(e1∧e2−e3∧e4)+x−(e1∧e4−e2∧e3)+u−(e1∧e4−e2∧e3),
where r2+ + x
2
+ + u
2
+ = 1 r
2
− + x
2
− + u
2
− = 1.
Points in CP3, corresponding p+ and p− are:
p− =
[
0,
√
r− + 1
2
,
u− + ix−√
2(r− + 1)
, 0
]
, p+ =
[√
r+ + 1
2
, 0, 0,
−u+ + ix+√
2(r+ + 1)
]
, r± 6= 0
p− = [0, 0, 1, 0]; p+ = [0, 0, 0, 1], r± = −1.
Let consider sphere - ”edge” Ep+p− now. A point p of this edge is:
p =
{ √
1−t
2
p− +
t1+it2√
2(1−t)
p+, t
2 + t21 + t
2
2 = 1, t 6= 1
p+, t = 1, t1 = t2 = 0
For t 6= 1, r± 6= −1 we have: 2p = (t1 + it2)
√
r++1
1−t
v0 +
√
(1− t)(r− + 1)v1 +√
1−t
1+r
−
(u− + ix−)v
2 + (−u++ix+)(t1+it2)√
(r++1)(1−t)
v3. Calculate p ∧ v0:
2p∧v0 =√(1− t)(r− + 1)v1∧v0+√ 1−t1+r
−
(u−+ix−)v
2∧v0+ (−u++ix+)(t1+it2)√
(r++1)(1−t)
v3∧
v0 = 1
2
[
√
(1− t)(r− + 1)(−e1−ie2)+
√
1−t
1+r
−
(u−+ix−)(−e3−ie4)+ (−u++ix+)(t1+it2)√
(r++1)(1−t)
(−e5−
ie6)] = 1
2
[−√(1− t)(r− + 1)e1−√ 1−t1+r
−
u−e
3+
√
1−t
1+r
−
x−e
4+ u+t1+x+t2√
(r++1)(1−t)
e5+
x+t1−u+t2√
(r++1)(1−t))
e6+i(−√(1− t)(r− + 1)e2−√ 1−t1+r
−
x−e
3−−
√
1−t
1+r
−
u−e
4− x+t1−u+t2√
(r++1)(1−t))
e5+
u+t1+x+t2√
(r++1)(1−t)
e6)] = u0 + iv0 Similarly we can calculate 2p ∧ vj = uj + ivj ,
j = 1, 2, 3. Then find ω = u0 ∧ v0 + u1 ∧ v1 + u2 ∧ v2 + u3 ∧ v3. For t = 0 we
find form in equatorial circle Cp+p−.
By analogous we can find points of equatorial circle, for r± = −1, or
r+ = −1, r− 6= −1, r− = −1, r+ 6= −1.

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ANK =
⋃
Cp+p−,
where p+ = e
5∧e6+r(e1∧e2+e3∧e4)+x(e1∧e4+e2∧e3)+u(e1∧e4+e2∧e3),
p− = −e5∧ e6− r(e1 ∧ e2− e3 ∧ e4)−x(e1 ∧ e4− e2 ∧ e3)+u(e1∧ e4− e2 ∧ e3),
r2 + x2 + u2 = 1
Proof. As 2-form ω corresponding to almost complex structure I ∈
ANK is of view:
ω = e4 ∧ f 1 + e5 ∧ f 2 + e6 ∧ f 3, where f i = Aei, i = 1, 2, 3
then in formula for ω ∈ Cp+p− we must claim vanishing of coefficient near
the forms e1 ∧ e2, e1 ∧ e3, e2 ∧ e3, e4 ∧ e5, e4 ∧ e6. This requirement gives
r+ = −r− = r, x+ = −x− = x, u+ = u− = u.

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